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Introduction
Electricity is an important commodity and input for many firms. Since it cannot be economically stored, in order to mitigate price volatility, firms engage in the trade of electricity contracts on future markets. Unexpectedly large spikes in electricity prices can be especially hurtful to industrial consumers and electricity retail companies. It is therefore important to understand the price adjustment process on markets of different horizons and the nature of shocks that influence these prices.
In this paper I study the impact of the market specific news on the price difference between the dayahead and the intra-day Scandinavian electricity market. I use hourly data covering the period from . One explanation of this pattern is explored by Bessembinder and Lemmon (2002) - henceforth BL. They model a market where identical electricity producers and electricity retailers, interested in maximizing their respective profit, participate in the future market so as to hedge their positions. BL show that in such an environment the difference between the future price and the expected spot price will negatively depend on the underlying spot price volatility and positively on the skewness of the price. These results indicate that the possibility of price spikes that arise from the convexity of the power production function and spot price variance are key elements in understanding the forward premium.
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The theoretical foundations for thinking about forward premia on electricity markets have been proposed in the BL article. However, although explaining an important phenomenon about the relation of prices obtained for the same product at markets of different length, the BL article does not explicitly incorporate the effect that new, last moment information has on the price discovery process.
I propose an explanation of premia that explicitly accounts for information that becomes known after the price on the future market is known but before the spot price has been established. This method enables me to predict the spot price deviation from the future price at time t with the use of the distribution of the spot price until period t-1 and the last moment obtained information .
Verifying the impact of public information on prices can be problematic since in practice it might be difficult to distinguish valid information that has impact on price from the noise. In the Nord Pool (the electricity market of the Nordic countries) market participants (MP) have an obligation to inform about special events impacting production, consumption and transmission through a channel called Urgent Market Messages (UMMs). The distribution of this news (UMMs) is skewed and negative information prevails. 55% of all messages are due to production or consumption failures, or problems on the transmission grid. A further 35% inform about planned maintenance, this is equivalent to a decrease in available capacity due to a shutdown of a plant. Although these messages are divided into different types more than 95% of these messages actually inform about capacity reductions implying that their distribution is skewed. The arrival of this news changes market participants' information set and this in turn may be responsible for the emergence of price differences between the intra-day and day-ahead markets.
I use this unique dataset to examine the effect information has on existence of price differences between the intra-day and day-ahead electricity markets. The intra-day electricity markets, although currently not that liquid, are growing as there is more intermittent power that due to its irregular 5 nature is traded closer to the real time. The advantage of using the Urgent Market Messages data is that it provides a rich information structure in a clear-cut setup i.e. there is no noise in the data -all information is likely to be relevant for electricity prices as it reports on the electric power network . Moreover I show that the arrival of market news in the time between the bidding for the day-ahead and intra-day markets has an important impact on the premia. A more detailed analysis of the messages reveals that fuel used by generators reporting news is also of importance. To the best of my knowledge this is the first study that explicitly takes into account problems on the grid and therefore provides a better understanding of changes in market fundamentals and of the consequences they have on prices.
This paper has seven sections. In the following section I describe the model of Bessembinder and Lemmon (2002) that proposed a theoretical foundation of the forward premia in the case of electricity markets. Next section provides a description of the Scandinavian electricity market. A description of the dataset can be found in section 4. Section 5 presents the analysis of the premia and of the impact different news has on the prices. Section 6 discussed results and the last section concludes.
Forward premium on electricity markets
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A theoretical framework for studying forward premia in electricity market has been introduced by Bessembinder and Lemmon (2002) (BL henceforth) who show that in electricity markets the forward price will be a biased forecast of the spot price and explaining the premia through the moments of the spot price distribution.
They set up a general equilibrium model that assumes that the power companies are able to forecast the demand with high precision and participate in the spot market at known prices. The power generators are identical and risk-averse and the same applies to electricity consumers they are as well identical and risk-averse. These market participants trade on the spot market and use the future market to hedge their risk. Both parties use the future contracts as hedges to help maximize their objective profit functions. In the model the forward premium fluctuates in order to maintain the equilibrium between supply and demand for forward contracts. The electricity consumers, in order to avoid losses, react to increased spot price skewness and demand more forward contracts; this drives the forward price up (relative to the expected spot price) and increases the forward premium.
On the other hand, increased variance of the spot price reduces retailers' net risk thus reducing their demand for forward contracts. The model leads to the following relationship:
where variance and skeweness of the spot price explain the premium.
The theoretical model presented in this article has subsequently been tested on different electricity markets and different time horizons -Pennsylvania, New Jersey, Maryland (PJM) by Longstaff and Wang (2004) and Douglas and Popova (2008) ; the New York market (NYISO) by Hadsell and Shawky (2006) ; the British market by Karakatsani and Bunn (2005) ; the Scandinavian market has been analysed by Redl et al. (2009) and Botterund et al. (2010) .
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The evidence from this literature confirms the theoretical results obtained by BL and suggests that the daily pattern of the premia changes across markets. The BL model has been subsequently expanded through inclusion of variables that might impact the premia. Douglas and Popova (2008) argue that although electricity cannot be stored the underlying fuel often can, and estimate a refined model of forward premia where they include natural gas storage facilities. An explanation of forward premia through market fundamentals also appears in Karakatsani and Bunn's (2005) study. As the most influential factors of forward premia they identify: excess capacity on the previous day, spot volatility on the previous day and spread on previous and current day. Botterund et al. (2010) analyze hydro dominated power system and therefore they include reservoir levels and deviations in inflow while investigating the structure of future premia. However, not only supply side characteristics can determine premia for e.g. Ullrich (2010) expands the BL model by including excess capacity that is defined as the level of available supply in excess of contemporaneous demand. Other aspects that influence the premia could be risk measures. Longstaff and Wang (2004) in their analysis account for price, quantity and revenue uncertainty and show that premia reflect compensation for risk-taking
The Scandinavian day-ahead and intra-day electricity markets
The day-ahead market is the "main arena" for the electricity trading; based on bids and offers a unique price is determined that clears the market for each hour. The gate closure for the trades with delivery for the next day is at 12:00 CET, starting at 00:00 CET the contracts are delivered. The functioning of the intra-day market is somewhat different. The bidding into the Nordic intra-day market is continuous; it starts two hours after the day-ahead market closes and finishes one hour prior to delivery. The bids and offers are settled as soon as the offer meets demand and the range of prices obtained for the same product (electricity traded at a particular hour) can vary from 8 769,6€/MwH to 0,1 €/MwH. It is important to notice that bidding into day-ahead and intra-day markets is not without costs. However the cost is small and only marginally larger for the intra-day market. The variable cost of placing a 1 MwH bid in the day-ahead market is 0,035€ and 0,08 € in the intra-day market. The intra-day market is much smaller than the day-ahead. However it is growing as more intermittent power is brought on-line.
Data
Price data
In this analysis I use intra and day-ahead hourly prices for electricity traded on Table 1a , the average prices for electricity sold dayahead and intra-day vary throughout the day. In the early morning hours day-ahead prices are higher than the intra-day but this relationship is reversed during the rest of the day. It is interesting to note that the day-ahead maximum prices can reach very high levels while the intra-day prices do not seem to be as high. This however, is due to the fact that intra-day data used in this analysis are average data. The intra and day-ahead auctions' formats differ. The latter is a uniform auction while the former is a continuous discriminatory auction. Market participants do not encounter one average intra-day price while placing their bids but the range of prices. Table 1b shows detailed information about intra-day prices. The High price indicates the highest price that the electricity was sold for, the Low price is the lowest price and the Range of prices is defined as the difference between the highest and the lowest price over the whole sample. In the minimum it corresponds to 0, which indicates that there was just one trade on the intra-day market for the electricity delivered at the particular hour. The maximum difference between prices for the electricity delivered at the same hour reached over 700€ per MWh. Notes: The High price indicates the highest price that the electricity for a particular hour was sold for, the Low price is the lowest price and the Range of prices is defined as the difference between the highest and the lowest price over the whole sample. The dataset consists of hourly observations from Nord Pool (the Scandinavian electricity market) for the period from the 1 st of January 2006 to the 31 st of December 2009.
The data illustrates the right-skewed nature of electricity prices. The maximum day-ahead price reaches (for hour 17) 1400€ per MWh which is more than 30 times the mean value for this hour.
Similar price behaviour (although on a smaller scale) is observed for the intra-day prices where the maximal average price is 8 times larger than its mean value.
Electricity is dispatched according to merit order -a ranking of energy sources according to their marginal costs -that gives the production function its "hockey-stick" shape. Flexible production with low start-up costs and the ability to adjust power generation quickly (most often based on gas, coal or oil) is responsible for setting the peak-time price. Inflexible production -nuclear and large thermal plants set the price in off-peak hours. Hydropower is a rather flexible source of generation; its low marginal cost makes it well suited to provide electricity on baseload terms. The Scandinavian power market is a hydro dominated system (around 60%), followed by nuclear (22%) and thermal generation. Wind generation is much smaller, delivering about 4% of the whole production at present but growing.
Urgent Market Messages dataset
According to market regulation all members of Nord Pool must disclose information concerning which can be thought of as a point in time, but it also notifies about the start and estimated end of the event -a time interval. The estimated end of an event is often subject to change and a follow-up message would inform about it. In many cases the actual end of an event will be later that initially planned -the event will be prolonged -but sometimes it takes less time to restore the power system back to normal and the event ends earlier.
In this study I am only interested in messages that are registered after the day-ahead market has closed and before the bidding for the intra-day market has concluded and therefore I use only part of all available UMMs. From the whole set I choose news that was not available while submitting the bidding strategies into the day-ahead market but arrive in time to influence the decisions concerning the intra-day market. This leaves 14091 messages which content can possible influence the price formation on the intra-day market. Among these, 7752 correspond to failures, 4999 to maintenance plans, 1179 are "special information" and 161 inform about consumption or production changes. Overall using the UMMs dataset I create seven variables. The is the number of novel messages that arrived before time t informing about a capacity change at time t. is the number of novel messages that arrived before time t informing about a failure at time t.
is the number of novel messages that arrived before time t informing about a failure of nuclear production at time t. is the number of novel messages that arrived before time t informing about a failure of hydro production at time t. is the number of novel messages that arrived before time t informing about a failure of coal production at time t.
13 is the number of novel messages that arrived before time t informing about problems reported by generation using coal, gas or oil. is the number of novel messages that arrived before time t informing about the problems reported by generation using nuclear or hydropower. All these variables consider only information that arrived after the day-ahead market has already closed and the intra-day market has been still open.
Empirical strategy
Premia
Empirical studies have proven that in electricity markets the forward premium, defined as the difference between the forward price and the ex-post spot price, may differ systematically from zero In this analysis I investigate the price relation between the day-ahead market and the intra-day market. On the intra-day market electricity can be traded up to one hour before the delivery, while at the day-ahead market prices for each of the hours of the coming day are known around 1 p.m. on the day before the delivery. Both markets trade the same product but at different moments in time.
As I am interested in price formation on the short-term electricity markets, I define the premium as the difference between the day-ahead price and the intra-day price.
(2)
Impact of information on premium
Information concerning the physical properties of the power grid (failures, maintenance, bottlenecks) plays a particular role. Physical characteristics on the grid can change quite rapidly having an impact on the available size of the supply and this is why it is important for market participants to have the most updated information. The risk of a reduction in available production is an uncertainty that market participants face. In order to judge on the relation of the price difference on these markets MP (market players) need to update their information set which in moment t includes price development (p) up to moment t-1 and last moment information that reflects the most current information about market fundamental risk. These elements of the information set enable MP to take a decision about price t for electricity.
}
The presence of premia is influenced by characteristics of the spot price 8 but what seems even more important are events that occur in between the bidding for the two markets, in this case -after the day-ahead market has closed and before the closure of the intra-day market. Tomorrow's spot prices deviate from forward prices in the case of unexpected shocks that change the information set of bidders.
The distribution of news is skewed and one type of information dominates -capacity reductions.
Other categories of news e.g. maintenance, special information appear more sporadically. The increases in capacity appear as information on problems on consumer side when because of a halt in consumer's production less electricity will be used. Other source of capacity increase is due to follow-up news that inform about an event on the grid that provoked an initial capacity reduction but has ended earlier than estimated and thus the production unit is on-line earlier. For the period between the actual end of the event up to the initially reported end there is an increase of capacity due to the power unit being back in operation.
Not including this information into the equation as a separate variable but instead leaving it in the error term results in the disturbance term that is not normally distributed and moreover leads to a specification bias. Therefore in order to account for all the elements that are important for the presence of premium I include the information variable -UMM.
The is the information at time t and and are price developments up to the last known moment t-1. Since the news distribution is skewed and capacity reductions are most frequent source of messages the expected impact of the information on the premia is negative.
Electricity is dispatched according to the merit order and the most expensive production is used only in times of high demand -peak hours while the base load production is constantly active. Due to this heterogeneity of production it is interesting to verify the impact of messages informing about problems with different types of production.
In peak hours most of available production is already in use therefore the information about grid fundamentals should have the biggest effect in the peak hours. Prices are already high and a reduction in available capacity would mean that the missing production needs to be replaced by even more expensive production.
Analysis
I start the analysis by investigating the distribution of premia over 24 hours. I estimate equation 4 separately for each hour. The coefficient on constant informs about the size of premium (Table 2, Column (1) ).
The day-ahead price is the Swedish price and the intra-day price is an average of the prices obtained for electricity for a particular hour. It covers all trades for the particular product 
It is not only the appearance of the information per se but also the content of the information that has effect on premia. It is important which market fundamentals are changed. Among those that are expected to influence the premia are the ones impacting generation mix -fuels 10 . Therefore equation (8) distinguishes the events from equation (5) into those that affect marginal production (Marg) or base-load production (Base). The equation (7) again examines failures but tests separately for the impact of the three fuels that report failures most often -coal, nuclear and hydro.
All equations take into account the effect variance and skewness of the underlying spot price has on premia. In order to take into account weekly seasonality I include a vector of dummies -- The intra-day market functions as a continuous discriminatory auction as opposed to the day-ahead market that is an uniform auction. 10 Some studies have shown that fuel costs may not influence high frequency electricity prices (Guiguis and Felder 2004) one of the reasons being their slow evolution over the studied period (Karakatsani and Bunn 2008) . In this study I do not attempt to use fuel prices per se, rather I am interested what effects sudden changes in production using a particular fuel have on premia.
before time t and inform about capacity changes due to different reason at time t. This information is novel and unscheduled therefore variables are exogenous.
As the market participants are assumed to derive information about the future distribution of electricity prices by observing the moments of the underlying spot (intra-day) price distribution up to the last available moment t-1, each specification includes rolling-window variance and skewness of the intra-day price calculated on the basis of the last 24 hours.
Each equation is tested separately for every hour giving in total 24 models for each specification. I estimate these models using OLS with Newey-West standard errors (HEC) to address correlation and heteroscedasticity of the error terms.
Results
Premia
Results indicate (table 2, Column (2)) that premia between the intra-day and day-ahead prices exist and that their sign vary throughout the day. Apart from hour 16 and 23, all premia are statistically different from zero. Figure 3 , which plots constant values from equation (3) for each of the 24 regressions, shows the premia and displays a clear pattern of positive premia in the off-peak hours and negative in the peak hours. Negative premia prevail, indicating that for most of the time the intra-day price is higher than the day-ahead one, making it more expensive for market participants to balance their position by buying the electricity closer to the real time. At its peak, hour 11, it is 4,6 € higher than the price of electricity sold with the day-ahead contract which represents a 9,2% 18 (negative) premium. Positive premia occur in the early morning hours with the peak around 3 o'clock -5,43% 11 premium. 
Impact of information about failures on premia
Urgent Market Messages have an impact on premia mostly in the peak hours (table 2, column (2)).
The biggest impact is identified in the morning when the arrival of messages decreases premium by 1,1 € which constitutes almost 30% of the mean premium observed for that hour (hour 10 with 3,847 negative premium (4)). The negative effect of marginal production is observed mainly during peak-hours while the baseload production has a negative impact on premia even in off-peak hours. The effect of marginal production's news reaches the highest level at hour 17, (table 2, col. (3)) which constitutes 87% of the mean premium observed for this time of the day (hour 17 with 2,844 negative premium table 2, col. (1)).
As it can be expected failures have a negative effect on premia. Breakdowns on the production site or transmission grid lead to less available electricity and thus prices on the intra-day market rise (table 3) . Failure coefficients are significant for 17 out of 24 hours, a new information about failure raises the intra-day price with the increase ranging from 0,2 € to 1,3€, having an overall negative effect on the premium.
Information about failure of particular generation type and its impact on premia
During the period that I analyse, the hydro-based generation has registered breakdowns for the longest time-periods. Outages observed by the hydro production amounted to 17797 hours in total.
Coal plants failures were reported to last 14712 hours in total and the nuclear generation's failures covered 4040 hours.
Breakdowns of units based on coal have the largest effect on the premia -coal failure coefficients are significant for 16 out of 24 hours. The price difference caused by this type of breakdown can reach up to 2,6 € per MWh which constitutes 92% of the mean premium observed for this hour (hour 17 with 2,844 negative premium (table2, col.1)). The coal-based production is often used during peak hours when the demand is high and therefore prices are subsequently high too. A malfunction during this time period leads to a scarcity of marginal production. In order to sustain the supply and demand 20 balance other units, possibly more expensive, have to start their production (or increase their production which due to ramping costs is more expensive).
In all specifications I observe weekly seasonality with working days having a significant negative Ushape effect on premia in the peak-hours.
As a part of sensitivity analysis I run the same regressions as in equations 5 through 8 but using dummy variables for "news" and "no news" hours instead of the total number of messages per hour.
The obtained results (tables 4 and 5) are similar to the original ones with the absolute effects slightly larger in the dummy variable specifications.
Conclusions
This paper studies the impact of market specific news on the short-time forward premia on the Scandinavian electricity market -Nord Pool. The contribution of the paper is three-fold. First, I
indicate that the last moment market specific messages are important for the explanation of the premium on the electricity market. I show that the short time forward premia are in general negative with a clear pattern emerging during the day -positive premia during off-peak hours and negative premia during peak-hours. I associate the emergence of this pattern with the arrival of news that becomes known in the time-slot between the biddings for the two markets. The distribution of news is skewed and one type of information -capacity reductions -prevails which lowers the premium. The UMM dataset is perfectly suited for my analysis as it contains little noise data. All information announced by UMMs is relevant to the market making the dataset ideal to study the impact of news on price behaviour.
Secondly, using as an example the intra-day and the day-ahead electricity markets, I study the nature of short-time premia on the Nord Pool. Due to increased amounts of intermittent renewable power that is being brought on-line, intra-day electricity markets are expected to become more important over time and carry more trade as they give an opportunity to trade power closer to real time. Unlike the day-ahead market, future markets and the real-time (balancing) market that have gained much attention in the literature, the intra-day market has not been subject to a deeper analysis. Forward premia of different horizons have been studied in a variety of markets but the intra-day market has been largely left out of the analysis. Since this market is growing it is important to understand the price between this and the "main" day-ahead market.
The third contribution is to verify how messages, informing about sudden events affecting the power market, influence the premia. I show that information about the supply side shocks affecting different fuel types have a significant impact on the price differences between the two markets and should be taken into account while discussing short-term premia. During the analysed period failures to the coal-based generation had the biggest impact on the premia. Moreover skewness and variance of the underlying intra-day price, although statistically significant, have a small, almost negligible financial impact on the price differences between the two markets.
The paper shows that although the sign of the premia fluctuates over time in short time markets, it is mostly negative indicating that in peak hours the intra-day price is higher than the future price (dayahead price in this case). This finding is in opposition to the studies that describe premia of longer horizon where it is the future price that is higher than the spot price
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. The high intra-day price can be seen as a reimbursement for sellers that keep extra capacity close to the real-time and therefore bear the risk of not selling in case there is no demand -thus it reflects the market fundamentals risk.
The results indicate that information about the shocks to the power system should be included into the analysis of the premia as it explains a substantial part of the difference between the future and spot prices. On the Nord Pool day-ahead and intra-day markets market specific news are largely 22 responsible for the occurrence of premia. They however cannot explain all price differences indicating that premia on this market do exist even after accounting for shocks.
ANNEX:
Table 2.
Existence of Premia and Market Specific News and Their Impact on Premia
This table presents results from regressions which details are provided below. Column (1) reports the evolution of the average difference between the day-ahead and the intra-day pricethe premium over a day. Column (2) reports coefficient from the equation: ; Columns (3) and (4) In all regressions OLS with Newey-West standard errors procedure is used separately for each hour. The R-squares for different equations are in range from 0,01 to 0,027 for both specifications. 
This table presents results from regressions which details are provided below. Column (1) reports the evolution of the average difference between the day-ahead and the intraday price -the premium over a day. Column (2) reports coefficient from the equation: ; Columns (3) and (4) Table 5 .
Impact of messages informing about failures on premia
This 
